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PROBABILISTIC CONSIDERATIONS IN EQUIPMENT REPLACEMENT STUDIES * 


By 
Salah A. Elmaghraby 


INTRODUCTION 


Historical Background 

The study of equipment replacement is one of the oldest and 
most important subjects in the field of engineering economy. As 
early as 1903, John W. Alvord published tables of the life 
experience of 48 waterworks pumps and 32 waterworks boilers, with 
the hope that such tables would be of aid to engineers in assess-- 
ing the expected life of such equipment.1 

The railroad companies were among the first to undertake ex- 
tensive studies, sometimes covering more than fifty years, of the 
life in service of such equipment as wooden poles, ties, and rail 
sections. In 191l it was generally concluded that most railroad 
companies have good records of renewals of parts of their equip- 
ment each year, but that few railroads, if any, have complete or 
reliable information concerning the life of these equipments. 

In 1916, in answer to an investigation into its policy of rate 
setting by the New Jersey Board of Public Utilities Commissioners, 


. This paper was awarded first place at the graduate level in the 
1958 contest conducted by the National Center of Education and Re- 
search in Equipment Policy for the best essay in the fields of 
capital budgeting or equipment replacement. Mr. has 


been employed for the past few months at the Western Electric 
Company Engineering Research Center, Princeton, New Jersey. 


1 Proceedings of the American Waterworks Association, pp. 479-484. 


the New York Telephone Company had to defend its position with a 
detailed record of the life experience of aerial, underground, and 
submarine cables. The study covered a period of 20 years (1895- 
1915) and shows an early consciousness on the part of the company 
of the importance of equipment replacement costs in the process of 
rate setting.@ 

Since these (and other) early studies, equipment replacement 
has occupied a prominent position in engineering economy literature. 
With increasing dependence on machinery and automatic controls in 
industry, there is little wonder that more and more attention has 
been, and is being, paid to the subject. 

In an economy where profit is the motive, replacement should 


be based on economy of future operation. The economy of scrapping 


a functionally efficient unit of productive equipment lies in the 


conservation of effort, energy, material and time resulting from 
its replacement. The unused remaining utility of an old unit is 


sacrificed in favor of savings in prospect with a replacement.3 


The main considerations leading to replacement of an existing 
equipment may be classified under the following headings: 

1. MInadequaty 

2. Obsolescence 

3. Excessive maintenance 


4, Declining efficiency 


2 Reported in Edwin B. Kurtz: Life Expectancy of Physical Property. 
Ronald Press, 1930. 

3 H. G, Thuesen: Engineering Economy. Prentice-Hall, Englewood 
Cliffs, N.J., 1950, p. 320. 


if 


Based on these considerations, theorists in the field of 
engineering economy have attempted to give an answer to the 
question: When should the existing equipment be replaced? 
Different formulations have been forwarded, most of which are based 
on the notion of the existence of a minimum-cost useful life.4 We 
shall refer to these formulations as the "classical" ones. 

In 1949, the book entitled Dynamic Equipment Policy, by Dr. 
George Terborgh, appeared, > It presented such a radically 
different approach to the problem of equipment replacement that it —- 
deserves separate mention. The radicalism of the approach is not 
the only reason for such special treatment; the fact that the book 
was sponsored by the group most intimately connected with equip- 
ment and its replacement, viz., the Machinery and Allied Products 
Institute (MAPI), gives added weight to the views voiced therein. 


Much controversy has been aroused by these views, and there is no 


indication at present that the heat of discussion is subsiding. 


The Two Categories of Equipment 
For our analysis in this paper, equipment shall be divided 


into two main categories: 


1. Equipment with observable gradual deterioration with age. 
2. Equipment whose deterioration with age cannot de deter- 
mined. 


In the first category fall most of the engineering machine 


4 4 comprehensive coverage of these formulations can be found in 
Eugene L. Grant: be: a es of Engineering Economy, 3rd Edition. 
Ronald Press, New York, 1950. 

3 George Terborgh: Dynamic Equipment Policy. McGraw-Hill, New 
York, 1949. 
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tool equipments, plant buildings, transportation equipment, 
measuring instruments, etc. These items are characterized by the 
fact that their output suffers a loss as the equipment ages, and 
the loss in output can be measured and in many cases identified 
with the causes of its decline. Thus, the bearings of a center 
lathe, for example, wear out, and the product suffers a loss in 
the accuracy of its dimensions. The wear and tear on the bearings 
is not only measurable (in so many thousandths of an inch) but is 
actually repairable. The loss in quality as well as quantity (due 
to shut-down for repairs) of the product is easily identifiable 
with the bearings' wear. 

In contrast to the above characteristics, the second category 
represents equipment which suffers from deterioration which is, 
however, neither identifiable nor repairable, and in many cases 
is not even measurable. Since the demand on such equipment 
cannot be decreased in proportion to the acknowledged, but un- 
known, deterioration, the equipment is usually asked to perform 
its full share as in the day it was new. The sudden failure of 
the equipment is the natural result. Since the damage is usually 
irrepairable, the whole equipment is inoperative and must be dis- 
carded. Typical of such characteristics are electron tubes, light 
bulbs, passive electric components, and others. Their failure is 
unpredictable precisely because of the indeterminateness of the 
nature of their deterioration. And once an electron tube fails, 


it is clearly irrepairable and must be replaced. 


Between these two extremes there are, to be sure, many shades. 


For example, the deterioration of an equipment may be only par- 


i@ 
if 
18 


tially identifiable or repairable. Or the equipment may be a 


complicated combination of components of either type, so that the 


over-all characteristics of the equipment are the reflection of the 
characteristics of its components. However, for the sake of 
simplicity, we shall assume that the above-mentioned two catego- 
ries are the only ones possible. 

In discussing equipment replacement, it is well to note that: 
(1) both types of equipment listed above suffer from obsolescence, 


either through improved designs of the equipment, or because of a 


radical change in the product calling for the services of the 


equipment. Since these two causes are largely unpredictable, a 


equipment; (2) inadequacy is, in the majority of cases, predict- 
able. However, inadequacy of a piece of equipment need not lead 
to its replacement, but merely to the acquisition of more 


(identical) units. 


In our study of the classical as well as the MAPI approaches, 


it seemed to us that the models presented are limited in their 
applicability in two respects. First, the models deal exclusively 
with replacement of equipment of the first category, viz., equip- 
ment with observable gradual deterioration, and at best with only 
a fraction of such equipment. Second, even their treatment of 
such equipment is inadequate from both theoretical as well as 
practical points of view. 

It seems to us that these limitations spring from the deri- 
vation of the replacement solutions according to deterministic 
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models, which ignore the element of chance in replacement deci- 
sions; and that any attempt to expand replacement studies beyond 
these rather narrow limits must entail probabilistic considera- 
tions. Such considerations were the theoretical foundation of 
replacement studies in the Statistics®© as well as Operations Re- 
search’? literature. 

In the first section of this paper, we shall briefly in- 
dicate the current approaches based on both the classical as well 
as the MAPI formulations, and the circumstances in which they may 
lead to correct conclusions. The second section deals with a 
probabilistic model for the replacement analysis of equipment 
characterized by sudden failure or "death". We hope that this 
study contributes towards an understanding of the applicability 


of probability notions to problems of equipment replacement. 


6 L. Goodman: “Methods of Measuring Useful Life of Equipment 
Under Operational Conditions", Journal, American Statistics 
Association, 48, pp. 503-530, September 1953. 


7 G. W. Churchman, R. L. Ackloff, and E. L. Arnoff: Introduction 
to Operations Research. John Wiley and Sons, New York, 1957. 


PART I 
EQUIPMENT WITH MEASURABLE DETERIORATION 


The MAPI Formulation 


For the sake of brevity, whenever the word "equipment" is 


mentioned in this section, it will be taken to mean equipment in 


the first category. 


The MAPI formulation (we prefer to use the word "formula- 


tion" rather than, the word "formula", since the former includes 


the latter plus the theory behind the formula itself) is clearly 


a step forward in the engineering way of thinking about equipment 


To our mind, its value lies in the following two 


replacement. 


contributions: 


1. It exposed the underlying assumptions in the classical 


engineering economy literature concerning equipment 


replacement. It also formulated new standard assump- 


tions on which its own theory was built. "And the 


least be said of these assumptions, they are clear and 


definite. In using them - or rather the replacement 


formula they yield - the analyst knows exactly where 


he stands. If he thinks the assumptions inapplicable 


in some respects to the case in hand, he can modify 


the results of the formula as his judgment indicates, 


but he has at least a benchmark or point of departure 


to work from." * 


Reference 5, p. 73. 
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2. It introduced the concept that the replacement problem 


is not: With what shall we replace now? Rather, it is: 


Shall we replace now or defer replacement to future 


time? The emergence of a present day "challenger" and 


its "descendents" was a natural result of such an approach. 
At no time is the defender (i.e., existing mchine) com- 


pared to the present day challenger directly. The 


comparison is always indirectly via the "descendents" of 


the present day challenger. 


Annual Cost 


The concepts introduced by Terborgh can be summarized in 


Figure 1. Line A represents the increasing yearly cost of operating 


the existing machine; line B shows the increasing (but at a differ- 


ent rate) yearly cost of the present day challenger; while line C 


represents the declining yearly operating cost of the continuously 


improved line of "descendents". As the arrows show, the defender 


is compared to the "descendents", and the challenger to the 


"descendents", and the two adverse minima are then compared with 


each other. This explains even more forcibly the "dynamic" nature 


a 
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of replacement studies, since the base on which both defender and 


challenger are compared is changing with time. 


Credit must be given to Orensteen for casting Terborgh's 


formulation in the classical language of minimum cost, as well as 


giving a simplified graphical representation of the theory.8 Such 


a feat greatly enhances the understanding of the MAPI Formulation. 


The casting, however, was strictly limited to the language while 


the spirit as well as the content of the MAPI Formulation remained 


intact. 


MAPI Formulation vs. Classical 


The reader of Dynamic Equipment Policy cannot fail to note © 
the vigor and thoroughness with which Dr. Terborgh objected to the 


classical engineering economy's approach to the question of equip- 


ment replacement. In fact, four chapters (XI to XIV) were devoted 


wholly to the exposition of the fallacies ( or what Dr. Terborgh 


considered to be such) in the classical solutions to the problem. 


It was therefore to be expected that "classicists" would 
answer the charges levied against them, and in turn point out 
fallacies in Terborgh's approach (see, e.g., Joel Dean's Capital 
Budgeting, Columbia University Press, 1951). On this issue, we 


are inclined to agree with Orensteen's findings, viz., that the 


classicists were not unaware of obsolescence as a factor deter- 


mining the replacement decision, and that they did try to take it 


R. B. Orensteen: "Topics on the MAPI Formula", The Journal of 
Industrial Engineering, Vol. 7, No. 6, Nov.- Dec. 1956. 
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into consideration in more than one way.™ Yet we believe that 


obsolescence has always been implicitly expressed in their calcu- - 


The organized manner in 


lations and never explicitly recognized. 


which Terborgh brought the notion to the surface is conceptually 


superior to older methods of attack. 


Still, it is clear to any reviewer of the controversy that 


the current arguments are concerned with the wrong objects. 


Viewed under the dichotomy “Analytical Models" on the one hand and 


"Forecasting Functions" on the other, as presented by Davidson, we 


find that actually nobody has constructed an analytical model of 


the costs of operation, in the true sense of the words.9 We do 


not believe that even a forecasting function has been constructed: 


the most that any existing system can claim is that it is an aid 


to judgment and not a substitute for one. Dr. Terborgh is most 


Me have no desire to claim too much for 


outspoken on this point: 


this procedure ... No standard method, whatever its merits, can 


encompass the infinite variety and complexity encountered in prac- 


tice, nor can it be a substitute for sound judgment. The MAPI 1 


formula provides a guidepost or point of reference. Since it is 


based on certain standard assumptions as to the future, it gives 


a result correct only when these are valid. This result the 4 


analyst may wish to shade one way or the other in accordance with 


his judgment as to the appropriateness of the assumptions to the 


* For example: Through increased interest rate; decreased life 
expectancy or reduced salvage value. . 


; 9 Harold 0. Davidson: "The MAPI Formula", Journal of Industrial 
_Engineering, Vol. 8, No. 3, May 1957. 
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case in hand."* Terborgh concludes that "It is appropriate ... 
to emphasize that the problem of shading the formula results is 
in no way peculiar to the MAPI prescriptions." ~ 


It seems to us, therefore, that any one of the existing 


formulations is equally "valid", once it is shown that it produces 


results which prove to be correct. In other words, if we accept 
the different formulations for what they really are, viz., aids to 
judgment, arguments without statistical data are pointless. To 
the best of our knowledge, no such data on the application of any 
one formulation has been forwarded. On the other hand, we have 
good reasons to doubt that any one of them is extensively used in 
actual practice. We shall, therefore, not pursue this discussion 


any further, pending the availability of actual application data. 


The Reason for the Discord 


It is rather striking that the discord among analysts exists 
only when the notion of obsolescence is under consideration. We 
can find no conceptual difference between the MAPI formulation on 
the one hand and "classical" formulations on the other, in dealing 
with notions such as deterioration, economic life or salvage value. 
The manner in which these and many other notions are introduced in 
the different models is almost identical. 

The obvious question that comes to mind is: Why should such 
difference in methodology exist concerning obsolescence? To 


answer this question we note that to include obsolescence in the 


*Reference 5, pe 233. 
**Reference 5, p. 237. 
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calculations, we have to forecast the future course of "unborn" 
machines (to use Terborgh's terminology). The difficulty lies in 
the element of chance inherent. in obsolescence. The classicists 
simply implied such a forecast in their formulas. Dr. Terborgh 
was, to the best of our knowledge, the first to investigate the 
matter more closely and to attempt a rationalization of his method. 
He stated his point of view as follows: ™ ... The impact of obso- 
lescence on individual machines in service is more or less "lumpy" 
or irregular, reflecting sudden changes in the product or improve- 
ments in the currently available alternatives. There is no reason, 
however, to suppose that such sudden changes are more likely to 
occur at one stage than another in the lives of the machines ad- 
versely affected ... Now when we are dealing with occurrences 
spaced in random fashion over time, the best standard assumption 
we can make is that they will occur at a uniform rate. We can 
illustrate by analogy. It is impossible to predict which of the 
six faces of a die will come up on any particular throw, but it is 
possible to forecast that on 1,000 throws all will appear substan- 
tially the same number of times. Similarly, while we cannot fore- 
see the time distribution of obsolescence in any one case, we can 
be reasonably sure that the average distribution for a large num- 
ber of cases will approach uniformity." * 

We are inclined to question the validity of the above argument. 
For let us pursue Terborgh's analogy a little further, and assume’ 


that unknown to us the die is "loaded" in such a way that two sides 


* Reference 5, p. 67. 
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have greater chance of showing up than the other four. Would it 
still be correct to conclude that "it is possible to forecast that 
in a thousand throws all sides will appear substantially the same 


number of times"? 


The answer is clearly: No. The fact that certain events 
occur "at random" does not imply that they are “equally likely". 
Insurance companies, for example, operate on the premise that a 
single individual's age upon death is a chance event, but this 
does not mean that the two events "dying at the age of thirty" and 


"dying at the age of sixty" are equally likely!! 


Probabilistic Models 


This brief discussion should reveal the fundamental conceptual 


error in Terborgh's (and a fortiori, the classicists') formulation 
of the hazards of obsolescence. What is basically a probabilistic 
Situation has been fitted into the close jackets of deterministic 
models, with the concomitant need for considerable "shading" of 
the results of such calculations. 

Even if we ignore the factor of obsolescence, and base our 
models on the element of deterioration in service, deterministic 
models may not yield meaningful results. If the equipment is 
vital to the operation of a complex system of which it is a pert, 
the productivity of the entire system depends upon the replacement. 
For example, a pump failure in a refinery may close down the entire 
system. The problem here takes on a completely different light 
from other replacement considerations. In this case, it is re- 


quired to plan replacement of items that have not failed yet, and 


[ 
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certainly did not manifest any of the deficiencies listed on page 
2, which are considered by both classical and MAPI formulations as 
the reasons for replacement. 

We fully realize that the establishment of a probabilistic 
model would require basic data which may not be available to the 
analyst; in which case the "equally likely" principle used by 
Terborgh may be the best standard assumption to make. However, 
should research be directed toward the accumulation of the neces- 
sary statistical data, we believe that a valid model based on 
probabilistic considerations can be constructed. It is clear that 
the realization of the need for the data together with its speci- 
fication should logically precede its collection. 

The call for the need for probabilistic models in the studies 
of the replacement of certain equipment is by no means a novelty. 
Edwin Kurtz advocated the construction of such models as far back 
as 1930, and was, to the best of our knowledge, the first to con- 
struct a statistically correct model, from which valid conclusions 
could be drawn.* Kurtz's analysis is more remarkable in view of 


the rather crude state of stochastic theory at the time of his 


writings.** 
The analysis of equipment replacement is sometimes directed 


towards answering the following specific questions: 
1. What is the average life of the equipment in service? 
2. What is the expected renewals each year? 


3. Is there any variation in the rate of replacement among 


* Reference 2. 
** His results are obtained by us in Part II through the utiliza- 
tion of more powerful mathematical tools. 


years, and if so, how does this variation depend on 
the "age" of the equipment used? 

What is the year of maximum expected renewals? And, 
what is the year of minimum expected renewals? 

What is the maximum "life" expected from the equipment 
in service, and what is the minimum? 

What is the probable "life" of equipment at any "age", 
and, how does it vary with "age"? 

It is obvious that such questions are of great importance in 
managerial decisions concerning capital budgeting, repair-crew 
employment and deployment, depreciation allowances, evaluation of 
maintenance procedures, and many other financial as well as 
administrative areas. And it is equally clear that such ques- 
tions cannot be answered by conventional replacement procedures, 
nor by any deterministic model. 

As an example of probabilistic approaches, an application 


reported by Kurtz gave the statistical data on the mortality and 


replacement of telegraph poles.”* The fitting of Pearson's Type 


VII curve to the data provided the probabilistic model for the 
failure of that equipment. Once the construction of the model is 
achieved, the answers to the above-listed questions can be ob- 
tained in a more or less straightforward pattern following the 
theory of the model used. 

A telegraph pole is a piece of equipment which is subject to 


gradual deterioration due to weather, soil and human abuse. It 


* Reference 2, Chapter &. 


is subject to obsolescence through the availability of improved 
preserving, coating and insulating materials as well as new power- 
transmission requirements. In certain cases, it is also subject 
to inadequacy due to increased load requirements. Most important, 
the replacement of telegraph poles is subject to the prevailing 
maintenance code. This latter may vary from period to period, 
and is sometimes affected by other than purely technical factors. 
In spite of the complexity of the causation system resulting 
in the removal of a telegraph pole from service, a probabilistic 


model was constructed, and meaningful answers could be given to 


important questions. 


Summary 
We conclude this section by briefly reiterating the views 


expressed above. The classical as well as the MAPI formulations 
have dealt with equipment classifiable under the first category, 
and only with a fraction of such equipment. This fraction 
represents equipment that is neither of special importance to the 
productive capacity of the installation, nor does it demand special 
maintenance considerations. 

Managerial decisions concerning many phases of activity of 
the firm depend on valid answers to specific questions. These 
latter can be answered by neither approach, and a fresh outlook 


to the whole problem is needed if such decisions are to be based 


on any "rational" foundations. Probabilistic models offer the 


greatest potentialities in this respect. The construction and 


verification of such models may be expensive as well as time 
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consuming (Kurtz's analysis was based on data covering a period 


of 25 years), but we believe that the benefits accrued amply 


compensate for the effort expended. 


PART II 
EQUIPMENT WITH UNIDENTIFIABLE DETERIORATION 


Introduction 


In the previous section we discussed an important aspect of 


the existing theory of equipment replacement, viz, its failure to 


cope with the probabilistic nature of the problem. 
In this section we shall present a probabilistic model 


capable of providing the required information usually demanded by 


management concerning replacement. (Typical of such required in- 


i formation are the six questions presented on page $3.3 The theory 


of the model presented here has an honorable history in the 


mathematical literature)%llwnich culminated in a unified pre- 


sentation by W. Feller, who achieved great simplification of the 
theory together with an intuitively appealing formulation12, 


It is needless to state that in probabilistic models, as was 


the case with deterministic models, economic considerations are the 


10, J. Lotke: "The Stability of Normal Life Distribution", Proc. 
Nat. Acad. Sci., 8, p. 339, 1922. 

11 a. J. Lotke: "A Contribution to the Theory of Self-Renewing 
Aggregation, With Special Reference to Industrial Replacement", Ann. 
Math, Stat., 10, pp. 1-25, 1939. 


12 W. Feller: Probability Theory and Its Application. John Wiley 
& Sons, New York, 1957. 
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primary factors in replacement decisions. Although the cost 
equations are more complicated, the basic notions of striking a 
balance between excessive costs of retaining the equipment too 
long and the excessive costs of replacing it too early, are still 
applicable. 

No attempt shall be made here towards an explicit solution of 
some replacement problem, complete with cost data and decision 
criteria; such presentation can be found in Reference 7. We shall 
limit ourselves to a rather simplified presentation of the assump- 
tions, methodology, and limitations of the model, Its manipulation 
in any specific situation should present little difficulty once the 
theoretical foundation is fully understood. 

We shall phrase our presentation in the language of electron 
tubes. The reasons for such presentation can be stated as follows: 

1. It is advisable to give concreteness to our discussion, 
and electron tubes and their pattern of failure answer 
admirably the descriptions and assumptions of the 
model. 

2. Our discussion ties in with present day studies in the 
reliability of electron tubes and electronic equipment, 
so that by casting our formulation in the language of 
electron tubes we hope that it might have some 
immediate applicability. 

The results obtained, however, are valid for application to 

other equipments satisfying the assumptions of the theory outlined 
below. For example, if we compare our results with the results 


obtained by Kurtz, who was dealing with a population of telegraph 


poles, we find a striking similarity between the two results.* 


Statement of the Problem 


An electron tube will not last forever, and its age at the 
moment of its failure is a chance variable depending on tens, if 
not hundreds, of small factors. To control all these causes of 
failure within narrow limits is not possible; and even if it were, 
the variability in each of them, together with the interactions 
among them, renders the causation system a difficult problem to 
solve indeed. 

For some time it has been the ambition of tube users, tube 
manufacturers, and research workers in this field to establish 
some form of reliability function for electron tubes. Reliability 
of a tube at any time t in its life is understood to denote the 
probability that the tube will survive at that point. The method 
used for establishing such a function is fitting a curve to 
sample data. If a number of tubes (say 1,000) are put in service 
when new, and the number remaining alive (1,000 minus tubes 
failed) after equal intervals of time are observed, a histogram 
can be established and a continuous function fitted to it. This 
function will give the number of tubes failing (or, what is 
equivalent, the number of tubes still functioning) in proportion 
to the original population. By simple arithmetic manipulations, 
this function can be transformed into a mortality probability 
curve. 

Unfortunately, there is no agreement among research workers 


dealing with this question on the form of the function to be 


* 
Especially his results in Chapter 8. 
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adopted. Some advocate the exponential, othersl3 the Weibull, and 


still othersl4 a mixture of exponential and gamma distributions. 


However, it seems to the writer that one fact emerges as certain, 


viz., that certain factors affect the tube reliability curve, 


whatever its shape, so that the parameters of the distribution 


will change wherever a change in any or all of these factors occurs. 


Summarizing very briefly some of these factors, we can list 


as follows: 


1. Service time duration 

2. Equipment design and load imposed on tube 

3. Tube type 

4. User 
5. Maintenance policy and procedure 

6. Tube manufacturer 

7. Materials used in the tube manufacture 


It is clear that any one of these factors can change in- 


dependently, or in conjunction with others. Trying to encompass 


all these and other factors in one single general tube reliability 


And even when accomplished, it 


curve is logically unacceptable. 


is worthless because it will fail to describe any of the popula- 


We therefore expect 


tions under actual operating conditions. 


electron tubes to be segregated into a finite number of groups, 


each with its distinctive mortality curve. 


13 J. H. Kao: “Quantifying the Life Quality of Electron Tubes 
with the Weibull Distribution", Technical Report No. 26, Cornell 
University, November 30, 1955. 

1h M. A. Acheson: Unpublished work. Sylvania Electric Products, 
Inc. 
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Another important measure of tube failure which is function- 


ally related to the time-to-failure distribution is the notion of 


hazard rate or instantaneous rate of failure.* It is theoreti- 


cally defined as the ratio of tubes failing during an infinitesi- 
mal period of time t to the number of tubes surviving at time t. 
In actual practice, it is the average failure rate during a short 
period of time (say 100 hours) that is calculated, since it is 
not possible to obtain instantaneous values. A curve is fitted to 
the data obtained, and then a theoretical rate of failure is 
derived. An excellent general discussion of different types of 
failure rate curves can be found in M. A. Acheson's Electron Tube 
Life and Reliability, Sylvania Electric Products, Inc., 1956. In 
certain situations knowledge of the hazard rate is of great value. 
One extremely important use of mortality curves, which has 
been hitherto only superficially considered, is the question of 
tube replacement policy. The need exists, and will undoubtedly 
increase with increasing use of electronic equipment, for a 
rational basis for replacing old tubes and ordering new ones. It 
goes without sayin. that such replacement will take place sooner 
or later, and for users of many electron tubes, the problem of 
replacement can reach considerable dimensions and require finan- 
cial planning. On the one hand, such a user can take the very 
conservative attitude of stocking large numbers of all the tube 
types he is using, a policy which would entail great financial 


and administrative burdens. Or he can go to the other extreme 
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of not carrying any stock and ordering replacements as the need 
arises; a policy which can only bring financial disaster to him, 
since in all probability he will be able to use his eouipment 
perhaps only ten per cent of the time and spend the remaining 
ninety per cent of the time waiting for replacements to arrive! 

It is clear that there exists between these two extremes a 
policy which is based on more rational analysis; which, while safe- 
guarding the user against any emergency, still causes him no 
unnecessary financial burden. It is the object of this paper to 


present a mathematical formulation of such a model. 


The Renewal Model 


Consider a tube that is put into service. Since its life is 
finite, sooner or later it will fail, and the time it takes to 
fail is a continuous chance variable X. As soon as the tube fails, 
it is replaced. The successive replacements may be treated as re- 
current events, and since the tube life is bounded (i.e., has an 
upper limit less than infinity), we have a certain recurrent event. 
If we assume that the tube life, which is our chance variable X, 


can only take on values over multiples of a unit time interval, 


say a thousand hours, we can conceptually look upon each time unit 


as an experiment with the possible outcomes "failure" or "no fail- 
ure", If the tube fails, then it will be replaced, otherwise we 
move on to the next unit, and so on. 

Suppose now that we know the probability p, that the tube 
will fail after t time units. Since we know that the tube life 


span is finite, say n time units, then necessarily 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i” 
] 


So far we have considered only a single tube and the line of 
its direct replacements. We now turn to the study of a whole 
population of tubes of like kind, each of which is replaced as 
soon as it expires, so that the replacements keep the population 
size constant. This is actually the case in any electronic 
equipment which is to be maintained in operating condition. 

Notice that here we did not specify that the tube must fail, but 
only that it "expires". The end of the useful life of a tube 
depends upon the socket requirement. Hence an expired tube can be 
considered as a non-failed tube as far as a specification is 


concerned, but as a failed tube as far as the particular socket 


is concerned. 


Suppose that the initial population (at t=O) contained exact- 


ly N tubes, all new. We shall assume that no initial failure can 
occur, or in other words that the tubes are exposed to failure 
only after the current is turned on, so that the life span of a 
tube is necessarily positive. Thus 
Po = 0. 

After one time unit, some tubes will fail, and these will be 
immediately replaced. Thus the population will consist of a few 
tubes (say x) which are new, and the remaining (N-x) tubes of age 
equal to one time unit. 

Another time unit will pass, and a few more tubes will fail. 
The tubes failing this time may or may not contain some of the 


tubes that have just been placed, but the resulting population 


| 
| 
2 Pt = 1 
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(after replacing the failures) will consist of: 


N - (x, + xg) tubes of age 2 time units, 


x, or less tubes of age 1 time unit, 


Xq tubes of age O time units, i.e., new. 


The process shall continue, and after a long period of time it is 


logical to expect our population to consist of tubes of all ages, 


with varying proportion of every age category. 


If, however, the tube life is truncated at a certain point 


T, i.e., if a maintenance procedure is followed that replaces all 


tubes after a certain number of hours of operation whether or not 


any tube failed, then we expect our population to contain tubes 


ranging in age between O (i.e., new) and T. 


It is of great theoretical and practical importance to be 


able to predict not only the expected number of replacements at 


the end of every time unit, but also the expected age distribution 


at any future time ty. As will be shown later, these are directly 


related to the failure probabilities p, and the policy of trun- 


cating the probability distribution. An appropriate replacement 


theoretical failure rate and 


policy can thus be devised, based on 


population of tubes. 


theoretical age distribution for any 


The renewal theory provides an excellent mathematical model 


for the treatment of such a problem, It is shown by Feller* that, 


after a long period of time (i.e., a great many time units), the 


number of tubes to be replaced in each time unit will settle down 


to the value 
N 

U 

t 
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where N is the total number of tubes in the population, and uw is 
the mean tube life in time units and equals = t.P,. It is also 
shown that the age distribution will asymptotically approach a 
limiting distribution given by 


aly 


where v(t) denotes the number of tubes of age k at time t, and 
r, is the probability of tube life greater than k time units. 

RR It is interesting and instructive to note that both above 
expressions are independent of the original age distribution. 
Thus the assumption that all the tubes were new to start with is 
unnecessary and we could have started with any age distribution 
and still reached the same limiting distribution after a long 


period of time. Such an assumption was made only to simplify the 


concept and facilitate its understanding. It is also used in the 


example for the same reasons. 


Basic Assumptions of the Model 


The renewal model presented above is based on some fundamen- 
tal assumptions un‘ -rlying the theory of recurrent events as 
applied here. It is neediens to say that validation of these 
assumptions is a prerequisite to the applicability of the theory 
to tube life data. It is assumed that: 

1. The probability of failure is stationary when the facters 
of tube type and usage are held constant. In other 
words, for a certain tube type, and specified operating 
conditions (such as equipment, environment, etc.), the 


probability of tube failure does not change with time 
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or with variation in the other factors, such as the 


tube user, tube manufacturer, etc. 7 


2. The failure of one tube is independent of previous or 


simultaneous failure of other tubes. 


Of the two assumptions listed above, the second is by far the 


more basic to the theory, which may be invalidated if considerable 


And yet, it is a common 


deviation from the assumption occurs. 


observation that most electrical circuits are so designed that the 


failure of one component would inevitably change the load, and 


hence the probability of failure, of other parts of the equipment. 


Hence, it may be concluded that the second assumption is scarcely, 


if ever, realizable in practice. 


The subject of variation in the probability of failure of a 


component due to the interdependence among components has been 


treated by the author elsewhere, 16 However, we wish to emphasize 


. that no theory can aspire to achieve complete representation of the § 


physical world. A certain amount of abstraction and simplification 


are necessary. Indeed, the very attempt to establish reliability 


curves (referred to in the Introduction) is subject to exactly the 


same objection. We may, therefore, infer that the applicability 


of the renewal model does not entail any more abstraction from 


We can only 


reality than the theory of reliability curves itself. 
hope that practical verification of both theories on industrial 


data will prove that the margin of error in the simplifying 


16 s; Elmaghraby: "A Gnmeralization in the Calculation of Equip- 
ment Reliability". Technical Report No. 29, School of Electrical 
Engineering, Cornell University, November 15, 1956. 
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assumptions is small indeed. 


Example I 
Consider first an idealized case in which we can assume the 


probability of failure within any time unit to be constant and 
equal to p. We also assume the tube life to be of a much greater 
magnitude than the chosen time unit (for example, the tube life 
may be 10,000 hours, while the time unit chosen is 10 hours). 
For a tube to fail at the k* period, it must have survived for 
(k-1) time units, and failed on the k*® interval. Since we con- 
sider each time unit as an independent trial, it is easily seen 
that: 

Probability of failure at the k*® interval, p, = (1-p)*-2p. 
This is the well known geometric distribution for which: 


mean, = i 


Therefore 


So that if we had, for example, N = 1,000 tubes, and proba- 


bility of failure p = .1, we would expect an average replacement 
of .1 x 1,000 = 100 tubes for each time unit, and an age distri- 
bution at any time according to the following table: 


and 
lk = Pre + PK+2 
= (1-p)k 
N N 
Pp 
and 
vy, = pN(1-p) 


Age (in time units) new 1 2 3 4 5 6 7 8 Q «ee 
Number of tubes 100 90 81 73 66 59 53 48 43 39 °c 


It can be seen that about 52 per cent of the tubes will have 


an age less than 6 time units, and about 50 per cent of ages 


ranging between 7 time units and 43 time units. 


The asymptotic average tube age will be 


k-i@ kv (t)=p § k(1-p)* = 
k=1 k=1 


Thus in our case the average tube age is 9 time units. The 


variance of the geometric distribution is equal to 

Pp 

So that in our example, the variance will be equal to 90 (time 


units)*, and the standard deviation is 90 = 9.48 time units. In 


other words, our tubes will have the average age of 9 time units, - 


and about 95 per cent of the tubes shall be between O (i.e., new) 


and 19 time units old. 


Example II 
In the following example, the probability of tube failure is 


Only the 


assumed to be known, but varies from period to period. 


limiting values are given here. 


Life tests conducted under field conditions* on 70 tubes of 


type 5654 gave data to which the cumulative distribution or 


mortality curve 
t 


7 
* Reference 13, p. 20, Operation "N", 
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F(x,) =l-e (x, is in kilo-hours) 

was fitted. This is a continuous curve of the Weibull type, and 
we shall assume that it can be taken to describe the mortality 
curve for that tube type under the same field operating conditions. 
We shall further assume that the tubes are inspected and replaced 
every 1,000 hours, so that one time unit will represent 1,000 
hours. Finally, for ease of calculation, we shall assume that 
the curve will be truncated after 8 periods, so that no tube can 
live more than 8 time units. This, as will be seen from the 
probability distribution, is not really a sericus error, but it 
introduces here the notion of positive ending of tube life after 
a certain period of time, whether or not the tube has failed. 
This maintenance procedure is by no means uncommon, and can be 

: utilized as a safety precaution. The Weibull cumulative distri- 
bution looks soneuhat as shown in Figure 2. It would be 


advantageous to the tube user to use the tube up to, say, tm 


t 


Xt time 


Figure 2 


when the probability of failure increases rapidly, and equipment 


reliability suffers. 
By simple substitution in the above function, we can get: 


Time Unit ¢) 1 2 3 4 5 6 7 8 


F (x,) O .133 .371 .602 .7775 .8832 .95 .98 1.000 


Applying the limiting formulae, we get: 


Average replacements = —1000_ = 303 tubes 
g p 3.3033 303 


k 
Since r, = 1 - 520 Py, we can easily calculate the following table: 


k Time Units: 0 (new) 1 2 3 4 5 6 7 


Vv, Tubes 303 263 190 120 68 35 15 6 (Total 
1,000) 


Thus, we expect to replace 303 tubes every 1,000 hours' opera- 


tion. If the supply management wants to be on the conservative 


side, they can take factor of safety of, say, 15 per cent. Thus 


they will stock 348 tubes at most. An intelligent ordering policy, 


allocation of space in the storeroom, etc., will follow as a 


natural consequence. 


CONCLUSIONS 


It can be seen from the previous discussion and examples that 


the renewal model can be successfully applied to tube replacement. 


The limiting value of U,, the number of tubes replaced at any time 
t, together with the age distribution U,(t), gives the logical 


basis for ordering replacements, and consequently the whole policy 


of inventory control. 
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Establishing a probability distribution for the tube failure 
is the first step in our analysis, but having a general equation 
to describe our tube failure pattern is not essential. Whether a 
generalized curve can be fitted to the known probability is a 
separate question. Any probability distribution will serve our 
purpose here. What is important is that it be known to be stable, 
in the sense that it applies to all tubes equally well under the 
existing working conditions. 

Recalling our discussion in the first section of this paper 
concerning equipment which is vital to the operation of a plant, 
and the need for replacing items that have not yet failed, we find 
that such action is identical with the mathematical notion of 
"truncation" presented above. The decision on where to truncate 
the probability distribution is thus seen to be an economic one. 
In numerical example II, had we truncated the same Weibull dis- 


tribution at any other point, we would have obtained different 


limiting values. The truncation point ty, is chosen so as to mini- 


mize, in a probabilistic sense, the cost of failures and the cost 


of replacements, when they are considered together. 
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ENGINEERING ECONOMY 
and 
THE SIGNIFICANCE OF ACCOUNTING DATA 
A Note 


Ernest H. Weinwurm 
De Paul University 


Engineering economists use accounting data as a primary tool. 
Most of their computations and analyses are concerned with such 
concepts as costs and profits, which are determined by accounting 
procedures. Engineering economy problems may be presented in 
terms of mathematical models which reflect functional relation- 
ships in algebraic symbols; yet to render those relationships 
useful for managerial decision making purposes, numerical data 
must be substituted for the algebraic ones. Therefore, engineer- 
ing economists should be greatly interested in the scope and 
significance of those numerical accounting data. 

However, this need has not been supported in actual experience. 
Engineering economists, like other users of accounting data, have 
given scant attention to any scientific analysis of those data. 
Books on engineering economy point out some differences between 
the treatment of certain types of data by engineers on the one 
hand and by accountants on the other, which should be considered. 

By and large, engineering economists use the data which they 
can get from the accounting records without much discrimination or 
question. Little attention is given to the well-known fact that 
there are numerous types of costs and profits, as well as differ- 


ent methods for their computation. Yet it can hardly be assumed 
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that all these methods are equally suitable to the engineering 
economist's work. Hence the question unavoidably arises as to 
the kind of data which should be used in preference to others. 

Unfortunately, the existing accounting literature offers 
little help to those who wish to make a more thorough inquiry. 
Accountants, like other specialists have been primarily concerned 
with technical and procedural issues. There has been little in- 
clination to study fundamental problems and to evaluate scienti- 
fically the techniques which are applied in producing the data 
used by engineering economists and other research groups to 
develop the results they are looking for. 

It has been more and more recognized that this situation 
presents a major stumbling block to the progress of the manage- 
ment sciences of which engineering economy is a part. Something 
had to be done to meet the challenge, despite the many diffi- 
culties with which such a project would have to deal. 

Now a concrete step forward has been undertaken by the 
organization of a separate group (or College, as it is known 
officially), within The Institute of Management Sciences, to pro- 
mote a scientific approach toward the problems of measurement in 
business in general and in the development of a true theory of 
accounting in particular. 

Engineering economists should be greatly interested in this 
endeavor. They should co-operate wholeheartedly with those who 


are devoting themselves to this important assignment, for pro- 


gress in their own field will depend to a substantial extent 


upon. the success of this fundamental study. 


Book Review 


THE AFFLUENT SOCIETY * 


There are at least two good reasons for not reviewing this 


book in The Engineering Economist. First, its character is 


popular rather than professional; second, it deals with macro 


However, the author's conclusions 


rather than micro economics. 


about the economic world at large have particular implications 


for those of us who are concerned with production (in the broad 


sense) and the allocation of resources to production. Furthermore, 


as a current "best seller" - among non-fiction selections - this 


book could eventually influence domestic economic policy. Hence 


it would seem well to be aware of its contents. 


Galbraith starts out by establishing the concept of "conven- 


tional wisdom", This can be roughly defined as a group of gener- 


ally accepted ideas which explain such social and economic 


phenomena as, for instance, the business cycle. The conventional 


wisdom is expounded repeatedly and usually continues to satisfy 


the public's curiosity until events prove it wrong or inadequate. 


At this time an innovator arrives on the scene - such as Lord 


Keynes in the '30's - and evolves a new theory which in time be- 


comes accepted and thus part of the conventional wisdom. 


Next, several chapters are spent in tracing the contributions i| 


of the various great economists to the conventional wisdom of 


economics. Throughout the evolution of economic thought runs the 


* J, K. Galbraith: Houghton Mifflin Company, Boston, 1958. 
Pp. X + 368. $5.00 
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basic theme of human want and scarcity of goods. According to 


Galbraith the continuing concern of economics with inequality, 


insecurity and production down through the years stems from 


Ricardo's emphasis of want and scarcity. Furthermore, it is his 


contention that the conventional wisdom of economics even today 


is strongly influenced by Ricardo's point of view. However, 


In recent years the problems of insecurity 


times have changed. 


There is a variety 


and inequality have become less bothersome. 


of reasons for this, e.g., progressive taxation, but by far the 


most important one is that in this country the amount of insecuri- 


ty and inequality has been reduced, or at least made less notice- 


able, by high production over a sustained period. In fact the 


author asserts that we are preoccupied with production; and it is 


not because we need all of the resulting goods, but because it 


diminishes other economic woes. Thus, the importance of pro- 


duction is a firmly entrenched portion of our conventional wisdom. 


At this point, Galbraith proceeds to take an extremely 


on production, and he ends 


critical look at the importance placed 


up by concluding that the conventional wisdom is out of step with 


the times. He contends that continued emphasis on production in 


containing important 


an economy operating near capacity and 


elements of oligopoly and organized labor can only result in 


strong inflationary pressures. Despite attempts at monetary and 


fiscal control, inflation can be expected and with it will come 


new problems of inequality. The only way, short of government 


controls, that the wage-price spiral and resulting inflation can 


be avoided is by introducing some slack into the economy. The 
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suggested method for doing this is a rather elaborate and generous 


unemployment compensation scheme which will pay the unemployed 


more as unemployment increases and less as it approaches a normal 


minimum, Galbraith claims that this would reduce the over-emphasis 


placed on production because economic security would no longer be 


dependent on what he views as superfluous production. 


The thesis outlined above is provocative, but one wonders 


First of all, 


whether the proposed solution is entirely realistic. 


can we assume that, by introducing slack into the economy, the 


problem of inflation would be solved? It seems doubtful. This 


country recently experienced a period of relatively high unemploy- 


The wage-price 


ment during which inflationary pressures persisted. 


spiral continued to operate, and there is evidence indicating that 


substantial unemployment did not stop the upward trend of wages 


Moreover, if the unemployed 


where strong unions were involved. 


were heavily subsidized, it would be even easier to pass price in- 


creases on to the public. This leads one to question the efficacy 


of the suggested solution. 


Secondly, Galbraith's diagnosis should be considered. Surely 


inflation is a problem, but why lay it at the doorstep of produc- 


tion? To do so seems remarkably near-sighted in a world that is 


still by and large filled with human want. Even if one accepts 


the proposition that the United States is fostering superfluous 


production, the conclusion that this should be eliminated does not 


Making this output available to underdeveloped 
Since the "cold" 


necessarily follow. 


nations would be a more humanitarian alternative. 


war appears to be moving into the economic realm, the country 
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cannot afford to do otherwise. Thus, although the concern over 
inflation that is evidenced in "The Affluent Society" is justified, 
there are certainly more practical solutions to the problem. 
Despite its limitations, this book makes interesting read- 
ing for those of us who are concerned with the economic aspects 


of production. It is written in an interesting style, and it 


contains many penetrating observations on both economic behavior 


and economic thought. 


David V. Heebink 


Stanford University 
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Book Review 


ENGINEERING ECONOMY * 
Third Edition 


The third edition of Professor Bullinger's famous text re- 
tains many of the outstanding features of the earlier editions, 
and reflects the inevitable influence of Operations Research on 
the analysis of engineering decisions. The author's vast 
experience gives the book the essential flavor of the immediate 
realities of engineering practice which is so important to the 
student. The practice of previous editions of presuming a know- 
ledge of interest calculations on the part of the reader is 
continued. This permits the presentation of the interest formulae 
to be relegated to an appendix, thus tending to prevent a mis- 
placed preoccupation with interest calculations, which has 
trapped many students of the subject. Interest calculations are 
used in the standard way throughout the book, but the emphasis 
is much more realistic than in some texts on the subject. 


From the textbook point of view, the work is distinguished 


by a set of problems which run through several chapters. As 


Professor Bullinger points out, "In this manner the student will 
observe the whole picture of the economic analysis in a way which 
is not possible by solving a succession of unrelated problems." 


Interwoven into the presentation also, is the consideration of 


* Clarence E. Bullinger: McGraw-Hill Book Company, Inc., New 
York, 1958. 379 pp. $7.00 


I 

i 

i 

| 

] 
| 


-39- 


tax problems, effectively reminding the student of their presence, 
but without undue involvement in legal questions. 


In this reviewer's opinion one of the essential aspects of 


the study of engineering economy is the problem of obtaining the 


data which is required by the analysis. It is easy to slight 


this aspect of the work by becoming entranced with the intricacies 
of the various decision making models. Professor Bullinger avoids 
this studiously. For example, his chapter on “Estimating First 
Cost" has been expanded from the previous edition, and now pro- 
vides an excellent practicai treatment of the subject. 

There is a considerable discussion of Operations Research 
and its relation to engineering economy. The words "model" and 
"criteria" are used throughout the text, thus giving the student 
an acquaintance with the jargon of O.R. 

In the analysis of engineering decisions there are three 
problems which must be solved in a compatible fashion. The 
analysis must depend on data which is not only relevant, but is 
realistically attainable in actual situations. The formal models 
must be sophisticated enough to have a useful degree of iso- 
morphism, but should not require data that is expensive or 
impossible to obtain. Thus the data one obtains must become the 
input to a model, and the models one constructs must contain 
quantifiable terms. Finally, one must be able to "sell" the re- 
sults to management. Professor Bullinger deals with these 
problems with clarity, balance, and with his feet firmly planted 
on traditionally solid ground. This is, after all, what he set 


out to do, and this reviewer is inclined to respect his judgment 
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in not attempting to do more. However, the day is surely coming 
when one will want to do more than talk about Operations Research 
in an engineering economy text. The time is quite near when 
probability theory and inferential statistics will take their 
place in the study of engineering decisions, and the work of 
Operations Researchers and economists on decisions under risk and 
uncertainty will form a natural part of the treatment. Soon, too, 
the work of Churchman and others on value measurement will find 
its way into those chapters which deal with the intangibles or 
irreducibles in the analysis. Some of the specific techniques 
that have come out of Operations Research might also be included. 
The analysis of bidding problems is especially relevant, and the 
linear programming framework can be used to lead the student into 
decisions of a more complicated nature. Eventually, it is to be 
hoped that the immensely practical problem of making decisions in 
a hurry, without all the necessary information, and without the 
money to set up a research project, will be approached somewhat 
more rigorously. 

The description of Operations Research in the text is quite 
good. Perhaps, however, it would have been better to dwell upon 
the natural evolution of engineering economy toward the. viewpoint 
of Operations Research, rather than to draw distinctions between 
the two. The statement that engineering economy has operated in 
areas where quite limited mathematics has sufficed, can only 


provoke the retort that the techniques one has usually seem suffi- 


cient until something a little more sufficient comes along. 


Likewise, in characterizing engineering economy as restricting 
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itself to an economic criterion, Professor Bullinger seems to have 
overlooked his own chapter on intangibles. These are perhaps 
small points indeed. Others, even smaller, might be mentioned. 
The description of the idea of a conceptual model needs expansion 
and clarification, because it is a vital notion for the engineer- 
ing student. The description of linear programming as "the 
solution of systems of simultaneous equations with restrictions" 
is not accurate. 

Some may object to the well worn examples of minimum cost 


models which include the economic lot size example, and Kelvin's 


Law, when there are so many new examples which are more interest- 


ing. Others may object to the slim treatment of the MAPI 
analysis, which occupies a single paragraph. In general, however, 
the book represents an important modernization of a fine text. It 


should find its place in many engineering economy courses. 


William T. Morris 


The Ohio State University 
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Review 


CURRENT PRACTICE IN ACCOUNTING FOR DEPRECIATION * 


This short (only 35 pages) research report merits the care- 
ful attention of all persons interested in depreciation account- 
ing for income tax and financial management purposes. The stated 
purposes of the report can best be stated by quoting the final 
paragraph of the introductory chapter: 

"The following purposes for which periodic deprecia- 
tion cost is needed are listed as a basis for subsequent 
discussion in this report: 


1. Determining income subject to Federal income tax. 


2. Management of a company's finances - particularly 
funds for replacements, modernization, and ex- 
pansion. 

3. Determining periodic net income and financial 


condition for reports to management and stock- 


holders. 


Determining product costs for internal management 


— 


purposes. 


5. Comparing costs of alternatives in selecting and 
replacing depreciable assets. 
In this study, two approaches are followed for evaluating 


depreciation methods in terms of purpose for which they 


* Research Report No. 33. The National Association of Accountants 
(formerly National Association of Cost Accountants), 505 Park 
Avenue, New York 22, N.Y. April 1, 1958. $1.50 
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are used. First, the type of depreciation method which 
would appear to be most useful is ascertained by de- 
ductive reasoning from the uses to be made of depreciation 
costs. Secondly, these conclusions are checked against 
actual company practices in choice of depreciation methods 


applied for different purposes." 


The information contained in this research report was based 


largely on data furnished by 55 companies who participated in 


this N.A.A. research study. Thirty of these companies, including 
Chrysler Corporation, Crane Company, General Foods Corporation, 
Hercules Powder Company, and United States Steel Corporation, 

are named on page 35 of the report. The other companies preferred 
that their names not be listed. 

Prior to 1954, all but three of the 55 companies partici- 
pating in this study used the straight line method almost exclu- 
sively for both tax and accounting purposes, but as a result of 
the enactment of the 1954 Internal Revenue Code, 40 of these 
companies have chosen to use declining charge methods (sum-of-the- 
years digits and/or declining balance) for tax purposes for assets 
eligible under the 1954 Code. 

On page 2 of the report, it is noted that recent discussion 
in accounting literature has centered around tax aspects of the 
depreciation problem, even though for many companies an important 
question is whether the same depreciation methods should be used 
for income tax and financial management purposes. In that 
connection, the report states that 49 of the reporting companies 


used the same method for income tax and financial management 
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purposes, while 5 companies used declining charge methods for tax 
purposes only, and 1 company used the straight line method for 
tax purposes and the declining balance method in the accounts. 

The report states (pages 23 and 24) that some companies using 
declining charge methods for taxes only feel that these more rapid 
methods would "seriously misstate periodic net income or financial 
condition", Other companies have continued the straight line 
method in financial reports to conform to industry practice. The 
following three quotations are said in the report to illustrate 
these points of view: 

"During years when cost is being written off rapidly, 
earnings are distorted. Reduction in reported earnings 

may be reflected in lower stock prices and it may also 

make it difficult or more expensive to raise additional 

capital for expansion." 

"Straight-line depreciation is simple, best for the 
profit picture, and used by most companies in our industry." 


"The straight-line method is used because it has been 


the generally accepted method, it is acceptable to the 


revenue service and it has provided adequately for amorti- 
zation over the useful life of assets. The sum-of-the-years 
digits method has been adopted for tax purposes for its 


financial advantages in our expansion program." 


On the other hand, the report also states (pages 21 and 22) 


",... opinions were often expressed to the effect that 
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declining charge methods provide a better measure of 


depreciation cost than does the straight-line method. 


These viewpoints are illustrated in the following 


comments made by company representatives: 


'The sum-of-the-years digits method was adopted 


since it provides a more rapid recovery of the cost of 


fixed assets and because it is our belief that it most 


nearly reflects the actual annual loss in plant values.' 
"Previously, tax depreciation was always too low. 


Depreciation by the sum-of-the-years digits method is 


considered reasonably correct.' 


'The declining balance method reflects the fact 


that obsolescence is more important than physical life 


of assets as a factor in depreciation. This is true 


despite the fact that technological changes have been 


fewer in this industry than they have in many others.' 


"Accelerated depreciation balances off dispro- 


portionately rising maintenance costs.' " 


The report contains an interesting discussion (pages 6 to 9) 


of the great difference between the tax effects of declining 


charge methods for a single asset and for a company with "numerous 


assets which are replaced as retirements occur", In the latter 
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case, "tax savings which have been accrued during the earlier years 


— 


tend to be held in the business indefinitely so long as the gross 


amount of depreciable assets does not decline", (This is demon- 


strated in a table on page 7, which seems to this reviewer to be 


— 


much oversimplified, but which is certainly valid under the stated 
assumptions.) The report states on page 8 that of the companies 
using declining charge depreciation methods only a few "consider 
it necessary to recognize a deferred tax liability in their 


balance sheets". (Since this research report was issued on April 


1, 1958, Accounting Research Bulletin 44 has been revised, and 
now provides that, with rare exceptions, provision for deferred 
taxes should be made where the greater depreciation allowances 
permitted by the 1954 Code are taken for tax purposes only.) 


In this review an attempt has been made to indicate some of 


the more important information contained in this research report. 
This reviewer believes that the full report is so important that 
all persons concerned with the depreciation problem would be well 


advised to study the report itself. 


Paul T. Norton, Jr. 


St. Petersburg, Florida 
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PRINCIPLES OF A SOUND NATIONAL WATER POLICY - 
A RESTATEMENT * 


The original report on "Principles of a Sound National Water 


Policy" was prepared in 1951 by seventy-five engineers working 


under the auspices of Engineers Joint Council. This report was 


written to present the engineer's viewpoint to the President's 


Water Resources Policy Commission. A Board of Review was 


appointed by EJC in November 1955 to bring the original report 


up-to-date. Details of some concepts of the 1951 report have been 


modified, but no fundamental change in basic ideas has occurred. 


The need for a sound water policy is established in the 


report by noting the demand for water due to increasing population, 
This in- 


and to expanded agricultural and industrial activity. 


creasing demand, coupled with limited opportunity for further 


development, makes the establishment of a sound water policy 


imperative. 


The report concludes that sound basin-wide development, based 


Proper co- 


on a thorough study of basic data, is necessary. 


ordination of federal agencies and the establishment of a Board 
The 


of Review to study all proposed projects is also suggested. 


advisability of these recommendations cannot be disputed. 


Having established the need for a sound national policy, the 


report then seems to concentrate on what the Federal Govenment 


"6 EJC Board of Review, 1957 Report: Civil Engineering, Volume 27, 
Number 5, pp.52-57, May 1957. 


Review 


should not do. Water supply, stream pollution and power develop- | 


ment are immediately established as local problems. The role of 


the Federal Government in these matters should be primarily 


advisory in nature. The report admits that flood control and 


irrigation are suitable fields for federal endeavor, but only when 


these problems cannot be handled by lower governmental levels. 


Since basin-wide development is recommended, and drainage basins 


very often include portions of several states, it would appear 


that federal action should be the rule rather than the exception. 


The report further states that each project should be self- 


supporting. The ratio of annual income to annual costs, using 


direct tangible benefits, should exceed one. How does one 


evaluate the value of extra power available in times of emergency, 


dispersal of industry, distribution of population and the lives 


saved by flood protection? What is the worth of vast recreational 


facilities which are an integral part of many water projects? | 


Can the same yardsticks used to evaluate the economic justifica- 


tion of automobile factories be used for water resources? I doubt 2 


it. 


The need for a flexible policy is noted in the report. Such 


§ 


developments as atomic power, economical de-salting of sea water, 


control of precipitation and improved methods of water and sewage 


treatment will call for revisions in poli¢y from time to time. 


The nature of the problem is well presented in this report, 


and the technical knowledge and skill needed to solve the problem 


are available. However, the exact role of various governmental 
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agencies is less certain. In addition, a broader interpretation 


of economic justification than that proposed seems warranted. 


Matthew W. Stewart 


Polytechnic Institute of Brooklyn 
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Review 


EFFECTIVENESS OF CAPITAL INVESTMENT 
in the 
TRANSPORT INDUSTRY OF THE USSR * | 


One of the paramount questions in economics, as well as in 


engineering economics, is how best to apportion scarce capital 


in order to obtain the greatest degree of effectiveness from its 


use. This problem exists regardless of the type of economy, and 


on all levels from the national economy on down to the smallest 


subdivision, regardless of the character of its organization. 


Because of the scope of Mr. Petrov's paper, it is the intention 


of the reviewer to refer only to methodology, rather than to the 


details of transportation economics. 


In this article Mr. Petrov points out that the discussion on 


the effectiveness of the use of capital in the Soviet Union 
started in 1953. Because of the many unanswered questions in- 


volved, it was thought necessary to attack the problem as a whole 


As a result, a special Scien- 


rather than on a piecemeal basis. 


tific Council was formed to attack the over-all problem of 


"Economic Effectiveness of Capital Investments in the National 


Economy of the USSR", The twin objectives are an investigation 


* Vv. Petrov: Problems of Economics, Vol. 1, No. 3, July 1958 -- 
English Translation of the USSR Journal Voprosy Ekonomiki (The 
Journal of the USSR Academy of Sciences, Institute of Economics). 
Authorized Translator and Publisher: International Arts and 
Sciences Press, 33 West 42nd Street, New York 36, N. Y. $35.00 a 


year. $3.50 a copy. 
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"of the actual effectiveness of capital investments carried out 


in the past, and also the utilization of the results of this 
study as the basis for working out the theory of this problem". 


Mr. Petrov summarizes the tasks that lie ahead and, briefly, how 


they will be approached. 


As might be expected, the most formidable difficulties are 


those of agreeing on what effectiveness means and then finding 
Added to these difficulties is 


ways to measure effectiveness. 


the further requirement that the Marxian-Leninist doctrines must 


be given their proper due. For instance, labor, as being the 


generator of all value, according to Marx, must be considered and 


made a part of the analysis. Surprisingly to us, the labor 


theory of value arose in connection with the question of the 


commensurability of current capital expenditures with additional 


Apparently some Soviet economists took the 


capital expenditures. 


view that present and future expenditures are incommensurable, 


; presumably because of different (in time) labor contents. This 
difference was resolved by the view that "Marxist-Leninist 


political economy not only does not deny the possibility of such 


commensuration, but scientifically substantiates it as the ex- 


pression of the growth of the productivity of social labor. In 


spite of the difference between past labor and living labor, 


these quantities can be compared when determining value." 


Once it was agreed that past, present and future investments 


are commensurable, another difficulty was encountered in the 


question of how to relate them over time. The use of compound 


interest calculations to relate expenditures to a common base 


year is considered correct by Mr. Petrov. The correctness of 


this approach "is explained by the fact that the productivity of 


labor in all branches of the national economy is constantly in- 


creasing and prices on materials and fuels are decreasing; the 


technological processes are improving and consequently the cost 


of construction and exploitation is going down", Future worth is 


The idea of using compound 


less, therefore, than present worth. 


interest calculations was attacked by other Soviet economists as 


being essentially anti-Marxian because it infers the conception 


of the spontaneous growth of capital, which was condemned by 


Marx. Mr. Petrov agrees with the view of his critics that there 


can be no spontaneous growth of capital, and rationalizes his own 


Thus we find that, whereas in our economy 


view as quoted above. 


the use of compound interest related to capital expenditures is 


explained either as the payment for saving and waiting or as being 


due to the productivity of capital, Mr. Petrov finds this tool 


useful on still another ground. The same end result is reached by 


a different path. 


The notions of the commensurability of capital expenditures 


and their relationship over time have been settled, according ito / 


Mr. Petrov. Now even more formidable problems must be solved as 


to whether one or more indices of capital effectiveness should be 


used, and if so, what they should be - and whether they should be 


in value and/or physical terms. Among the indices being degreloped 


on both a national and a project basis are those of capitaf in- 


vestments, the cost of transportation, the productivity of labor, 


| 
speed of delifery. The ] 
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the expenditure of fuel and metals and the 
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most thoughtful and constructive parts of the article deal with 
the limitations of the various indices as measurement devices. 

The subject matter of this paper brings to mind a movement 
in the United States to employ capital more effectively within 
an economic unit, such as a private corporation, by means of the 
technique of capital budgeting. This device uses only one index 
of capital effectiveness, namely, projected profitability. 


Occasionally, too, a corporation is interested in determining how 


effective past capital expenditure decisions have been.! The 


development of the proper means to measure capital effectiveness 
is a challenging one, calling for research effort of a high order. 


Mr. Petrov's paper is invaluable for researchers interested in 


these areas. 


Arthur Lesser, Jr. 


Stevens Institute of Technology 


1 Raymond R. Mayer: “Estimating and Post-Auditing Direct Labor 
Savings in a Job-Shop Operation", The Engineering Economist, 
Vol. 3, No. 2 and No. 3, Fall and Winter 1957. 
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BY-LAWS 


AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
DIVISION OF ENGINEERING ECONOMY 


Name 


The name of this Division shall be "The Division of Engineering 
Economy of the American Society for Engineering Education". 


Objectives 


The objectives of this Division are identical with those of 
the Society, as stated in Article I of the Constitution, 
but with special emphasis on those objectives which pertain 
to the field of Engineering Economy. 


/ 


< 


Member ship 


The membership of this Division shall consist of those members 
of the Society ( and representatives of associate members) 
who wish to affiliate with this Division. 


Organization and Officers 


(a) The Division shall be administered by a Policy Board com- 
prised of four elected officers and twelve elected 
members of the Division. 


(bo) There shall be an Executive Committee comprised of the 
four officers of the Division and three members elected 
by the Policy Board. Within the provisions of these 
By-Laws, the Executive Committee shall act for the 
Policy Board between the Annual Meetings. 


(c) The officers of the Division shall consist of a Division 
Chairman, Division Vice-Chairman, a Division Secretary, 
and a Division Representative on the General Council 
of the Society. 


Election of Officers and Policy Board 


(a) The Division Representative on the General Council of the 
Society shall retire in even numbered years at the end 
of the Annual Meeting. He will be succeeded by the 
Division Chairman; the Division Chairman will be 
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succeeded by the Division Vice-Chairman; and the Di- 
vision Vice-Chairman will be succeeded by the Division 
Secretary, unless the provisions of 5(e) conflict. 


(b) A new Division Secretary shall be elected by secret 
ballot by members of the Division present at the time 
| and place of the Annual Meeting on even numbered years. 
(The present Division Representative on the General 
Council will retire in 1958 and the first election of 
a new Division Secretary under this procedure will 
occur at that time.) 


Six of the twelve members of the Policy Board shall be 
elected annually by secret ballot by members of the 
Division present at the time and place of the Annual 
Meeting. They will serve a two year term. At the 
first election, six members shall be elected for a two 

year term and six for a one year term. 


Nominating Committee of three members shall be 
appointed by the Chairman during each fall with the 
approval of the Policy Board. The Nominating Committee 
shall submit nominations at the following Annual Meet- 
ing for members of the Policy Board, for any vacated 
offices, and on even numbered years for the office .of 
Secretary. Such nominations shall be submitted to the 
Secretary not later than 30 days before the Annual 
Meeting at which voting will take place. 


Other members of the Division can be nominated for any 
office or for membership on the Policy Board by peti- 
tion signed by five members of the Division present at 
the time and place of the Annual Meeting, and filed 

with the Secretary or the Chairman on or before the 

day preceding the election. Such nominations shall be 
voted upon together with the names of the members who 
would normally succeed to the offices in question. 


In the event that the position of Representative to the 
General Council is vacated, the Chairman shall succeed 
automatically until the next Annual Meeting. 


" (g) In the event that any of the elective offices, other than 

| the position of Representative to the General Council, 
is vacated, the Executive Committee shall appoint a 

successor to serve until the next Annual Meeting. 


6. Meetings and Activities 


(a) The Policy Board shall meet at the time of the Annual 
Meeting of the Society. It shall arrange for the 
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Annual Meeting of the Division, to be held concurrent- 
ly with or following the meeting of the Policy Board. 
It shall plan or approve plans for the program of the 
Division activities at the following Annual Meeting. 


The Executive Committee shall administer such activities 
as may be authorized by the Policy Board for the pro- 
motion of the purposes of the Division, including the 
appointment of special temporary committees. 


Members of the Society and other interested persons shall 
be eligible to attend all meetings of the Division. 


Each year the Chairman shall appoint a Program Committee. 
The Program Committee shall submit for approval at the 
next Annual Meeting of the Division a program for the 
following year's conferences and activities. Each Pro- 
gram Committee shall be responsible for carrying out 
their program. 


7. Publications 


(a) The Chairman with the concurrence of the Executive 
Committee shall appoint a Publications Committee. 


(b) All papers presented at meetings of the Division become 


the property of the Society and may be recommended for 
publication in the Journal of Engineering Education or 
in the publications of the Division as is deemed proper 
by the Executive Committee of the Division. Papers not 
recommended for publication shall be returned to the 
authors and shall no longer be considered the property 
of the Society. 


Amendments 


(a) Amendments to these By-Laws recommended by the Policy 
Board may be made at any Annual Meeting of the Division 
upon an affirmative vote of two-thirds of the members 
present. 


(ob) Amendments proposed by a written request of five members 
and submitted to the Secretary not later than thirty 
days before the Annual Meeting shall be presented by 
the Policy Board at the Annual Meeting, and shall be- 
come effective upon affirmative vote of two-thirds of 
the members present. 


